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Purpose: To analyze retinal nerve ﬁber layer (RNFL) thickness in eyes with optic tract syndrome (OTS) by
using optical coherence tomography (OCT) and to evaluate the capability of OCT to detect the charac-
teristic pattern of RNFL loss.
Methods: Eight patients (4 males and 4 females) with optic tract syndrome were enrolled in this
retrospective collection of medical records. Characteristics including age, sex, etiology of optic tract
lesion, visual acuity, visual ﬁeld defect type were recorded. The diagnosis of optic tract syndrome
were made by clinical history and typical optic disc ﬁndings, visual ﬁeld defect and neuro-imaging
ﬁndings including brain MRI and/or CT. The average of RNFL thickness of optic disc, four quadrants,
speciﬁc four o’clock meridians and related parameters were analyzed and compared between both
eyes.
Results: The nasal segment average of RNFL thickness was signiﬁcantly lower in contralateral eyes than
that of ipsilateral eyes (37.5  6.7 mm and 67.9  10.3 mm respectively; p < 0.001). The average RNFL
thickness and mean thickness of other three quadrants were not signiﬁcantly different between both
eyes. The ratio of superior maximum to nasal segment (Smax/Navg), superior maximum to temporal
segment (Smax/Tavg) and inferior maximum to temporal segment (Imax/Tavg) of were signiﬁcantly
different between both eyes (p < 0.001 in all comparisons). The RNFL thickness at nasal, temporal sectors
of the contralateral and those at superior, inferior sectors of the ipsilateral eyes were signiﬁcantly thinner
than those of fellow eyes.
Conclusion: The RNFL thickness measured by OCT demonstrated a characteristic pattern of optic atro-
phies in OTS. The difference of nasal average, Smax/Navg, Smax/Tavg, Imax/Tavg values and speciﬁc
radians between both eyes can provide useful information in the diagnosis of optic tract syndrome.
Copyright  2011, The Ophthalmologic Society of Taiwan. Published by Elsevier Taiwan LLC. All rights
reserved.1. Introduction
Optic tract syndrome (OTS) is characterized by incongruous
contralateral homonymous hemianopia, contralateral relative
afferent pupillary defect (RAPD), and perpendicular pattern of
optic atrophy in both eyes by a optic tract lesion.1,2 The diagnosis
of OTS is made from clinical ﬁndings rather than radiologicallmology, Buddhist Tzu Chi
ung-Yung Road, Hualien 970,
7161.
e Ophthalmologic Society of Taiwadetection because the lesion is usually too small to be noted by
neuro-imaging studies.
Optical coherence tomography (OCT) provides a reliable and
reproducible retinal nerve ﬁber layer (RNFL) thickness measure-
ments of the human eye and it has been used for estimation
of reduction of RNFL thickness in glaucoma.3,4 OCT has been
studied in several neuro-ophthalmic conditions, including anterior
ischemic optic neuropathy, optic neuritis/multiple sclerosis, neu-
romyelitis optica, migraine, pseudotumor cerebri, optic nerve
head drusen, compressive optic neuropathy, Leber’s hereditary
optic neuropathy and homonymous hemianopia.5,6 However, the
reduction of the RNFL thickness in OTS has been seldom quanti-
tatively assessed.7,8n. Published by Elsevier Taiwan LLC. All rights reserved.
Table 1
Demography of patients with optic tract syndrome
Case
No.
Age
(years)
Sex BCVA (Landolt C) Visual
ﬁeld
defect
type
Lesion
type
Duration
between injury
and exam
(months)
Contralateral
eyes
Ipsilateral
eyes
1 48.4 F 0.8 1.0 Left HH Trauma 4
2 31.2 F 1.0 1.0 Left HH Trauma 348
3 38.8 M 1.0 1.2 Left HH Trauma 3
4 21.3 M 1.2 1.2 Left HH Trauma 11
5 45.7 F 0.8 0.7 Left HH Trauma 10
6 43.0 M 1.0 1.0 Left HH Trauma 3
7 18.2 M 0.5 0.7 Right HH PVLy 218
8 58.0 F 0.4 0.8 Left HH Trauma 15
HH ¼ Homonymous hemianopia.
y PVL¼ Periventricular leukomalacia, combined with transsynaptic degeneration.
Table 2
Retinal nerve ﬁber layer thickness in each quadrant of patients with optic tract
syndrome (N ¼ 8)
Parameters Contralateral eyes (mm) Ipsilateral eyes (mm) Normal** (mm)
Average 68.9  9.5 73.1  15.1 108.2  19.1*y
Quadrants
Superior 91.4  17.5 80.5  26.8 130.2  14.0*y
Nasal 37.5  6.7 67.9  10.3z 81.8  14.1*y
Inferior 101.5  13.7 93.3  18.5 144.3  20.7*y
Temporal 45.0  9.3 50.5  14.9 72.8  14.3*y
SD ¼ standard deviation.
* p < 0.001: statistically signiﬁcant difference between normal data and contra-
lateral eye group.
y p < 0.001: statistically signiﬁcant difference between normal data and ipsilateral
eye group.
z p < 0.001: statistically signiﬁcant difference between contralateral eye group and
ipsilateral eye group.
** Normal database (N ¼ 52).11
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pattern of RNFL thickness measured by OCT in patients with OTS.
In addition, we will investigate the useful parameters of NFL
thickness to contribute making a diagnosis of OTS.
2. Material and methods
We retrospectively reviewed the medical records of patients
with OTS diagnosed in the Department of Ophthalmology, Kaoh-
siung Medical University Chung-Ho Memorial Hospital and the
Department of Ophthalmology, Buddhist Tzu Chi Medical Center,
between May 2006 and March 2010. This study has been approved
by the Institutional Review Board (IRB) at Tzu Chi Medical Center.
The duration between the ophthalmologic examinations (including
OCT) and the time of optic tract injury longer than three months
was inclusive to get stable data. The reason was based upon
previous reports of OCT9 and scanning laser polarimetry10 ﬁndings
in traumatic optic neuropathy that RNFL thickness decreased at
20 days after traumatic optic neuropathy and severe loss of RNFL
was observed at day 90 and then ceased. Subject had a medical
history of retinal disease or glaucoma was excluded. A total of
11 patients (6 males and 5 females) were enrolled. Among the
11 patients, one had a left optic tract syndrome concomitant with
a left traumatic optic neuropathy and two others with OTS without
OCT study were excluded. Therefore, OCT results from eight
patients with pure optic tract lesionwere analyzed. All patients had
ophthalmologic examinations including the best corrected visual
acuity (BCVA), pupil light reﬂex, funduscopy, disc photographs,
Humphrey automated perimetry (central-30II program; Carl Zeiss
Meditec, Inc., Dublin, CA), and neuro-imaging studies of MR
imaging and/or computed tomography (CT) of brain. The peri-
papillary RNFL thickness was evaluated by OCT (Carl Zeiss Meditec,
Inc.) without pupil dilatation. The normal database was obtained
from our previous study.11
The RNFL thickness was deﬁned as the number of pixels
between the anterior and posterior edges of the RNFL measured by
means of OCT. Three circular scans, each 3.4 mm in diameter,
centered on the optic disc were obtained, which were averaged by
the average program inherent to the OCT software. Each OCT scan
starts from the 9-o’clock position, which was reset as 0 degrees and
succeeding scans were performed clockwise. In addition to average
RNFL thickness of the entire circumference of the optic disc, 4
quadrants thickness including of superior (46w135 degrees), nasal
(136w225 degrees for the right eye and 316w45 degrees for the left
eye), inferior (226w315 degrees), temporal (316w45 degrees for
the right eye and 136w225 degrees for the left eye) and ratio of
superior to nasal, superior to temporal quadrant RNFL thickness
were also recorded, which was the ﬁrst parameter.4,11 The second
parameter was speciﬁc thickness per 30 degree radian (superior
sector: 75w105 degrees, nasal sector: 165w195 degrees for the
right eye and 245w15 degrees for the left eye, inferior sector:
255w285 degrees, temporal sector: 245w15 degrees for the right
eye and 165w195 degrees for the left eye). All parameters of RNFL
thickness measurements taken from contralateral eyes were
compared with the fellow eyes with paired t test. And the RNFL
thickness in contralateral eyes was compared with those of normal
Taiwanese database with unpaired t test. A P value less than 0.05
was accepted as statistically signiﬁcant in all analyses.
3. Results
A total of 8 patients (4 males and 4 females) with OTS were
studied. The mean age at the time of OCT test was 38.1  13.7 y/o
ranging from 18.2 to 58 years. Descriptive data of these patients are
summarized in Table 1. Etiology of OTS was trauma in 7 patientsand periventricular leukomalacia in one patient. The mean peri-
papillary RNFL thickness of the contralateral eyes was
91.4  17.5 mm, 37.5  6.7 mm,101.513.7 mm, and 45.0 9.3 mm at
the superior, nasal, inferior, and temporal quadrants, respectively.
The total average thickness was 68.9  9.5 mm. In the ipsilateral eye
group, the mean RNFL thickness measured 80.5  26.8 mm,
67.9  10.3 mm, 93.3  18.5 mm, and 50.5  14.9 mm at the superior,
nasal, inferior, and temporal quadrants, respectively. The total
average measured 73.1  15.1 mm (Table 2). The nasal average of
RNFL thickness was found to be signiﬁcantly thinner in contralat-
eral eyes than that of ipsilateral eyes (p < 0.001, Table 2 and Fig. 1).
Actually, the RNFL thickness in total average and in 4 quadrants
was all decreased in patients with OTS in both eyes as compared
with that of normal Taiwanese people (Table 2). The total average,
as well as in other three quadrants, of RNFL thickness was not
signiﬁcantly different between both eyes. In 30 degree measure-
ments, the mean RNFL thickness in contralateral eyes was
104.6  27.4 mm, 34.3  8.3 mm, 120.0  17.2 mm, 29.8  7.3 mm at
the superior, nasal, inferior, and temporal sectors, respectively; and
the mean RNFL thickness in the ipsilateral eyes measured
82.8  31.1 mm, 63.0  13.0 mm, 99.4  22.3 mm, 49.6  10.8 mm at
the superior, nasal, inferior, and temporal sectors, respectively
(Table 3). The RNFL thickness at nasal, and temporal sectors in
contralateral eyes was signiﬁcantly thinner than those in ipsilateral
eyes (p < 0.001). Comparing with those of normal Taiwanese, the
speciﬁc RNFL thickness of all 4 directions (superior, nasal, inferior,
and temporal sectors) in contralateral eyes as well as the superior,
inferior and temporal sectors in ipsilateral eyes was also signiﬁ-
cantly thinner (all p < 0.05, Table 3). The parameter of the ratio of
superior maximum to nasal quadrant average (Smax/Navg) values
Fig. 1. Box plot chart of RNFL thickness in average and four quadrants between both
eyes. The nasal quadrant of RNFL thickness in contralateral eyes (shaded box) was
signiﬁcantly less than that of ipsilateral eyes (open box). *P < 0.05 (paired t test) (C:
contralateral eyes; I: ipsilateral to the optic tract lesion side).
Table 4
Comparison of parameters in OCT between both eyes of patients with optic tract
syndrome (N ¼ 8)
Parameters Contralateral
eyes (Mean  SD)
Ipsilateral
eyes (Mean  SD)
P value
Smax/Navg 3.8  0.6 1.5  0.4 <0.001*
Smax/Tavg 3.2  0.4 2.1  0.3 <0.001*
Smax/Imax 1.0  0.1 0.9  0.2 0.069
Imax/Smax 1.1  0.1 1.7  0.2 0.098
Imax/Tavg 3.4  0.6 2.4  0.4 <0.001*
SD ¼ standard deviation.
Smax: maximal value of superior quadrant.
Navg: average value of nasal quadrant.
Tavg: average value of temporal quadrant.
Imax: maximal value of inferior quadrant.
* p < 0.05: statistically signiﬁcant difference.
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1.5  0.4 respectively, which had statistically signiﬁcant difference
(p < 0.001, Table 4). Also, the ratio of superior maximum to
temporal quadrant average (Smax/Tavg) and inferior maximum to
temporal quadrant (Imax/Tavg) was statistically different between
contralateral and ipsilateral eyes (Smax/Tavg 3.2  0.4 v.s. 2.1
 0.3, Imax/Tavg 3.4  0.6 v.s. 2.4  0.4, respectively; p < 0.001,
Table 4). Other parameters such as Imax/Smax and Smax/Imax
between both eyes were not signiﬁcant difference (Table 4).
4. Case description (Case 1)
A 48-year-old woman complained of blurred vision in the right
side after a trafﬁc accident 4 months ago. The BCVAwas 1.0 in right
eye and 0.8 in left eye respectively. There was no apparent RAPD
between both eyes. Fundoscopy demonstrated a temporal pale
appearance of disc in right eye and a band atrophy of disc in left eye.
The axis of cupping was different between both eyes. Humphrey
automated perimetry revealed a left homonymous hemianopia.
A diagnosis of right optic tract syndrome was made. Brain
MR-imaging study showed no space occupying lesion in the area of
right optic tract.OCT examinations disclosed the RNFL thickness atTable 3
Retinal nerve ﬁber layer thickness in deﬁnite sectors of patients with optic tract
syndrome (N ¼ 8)
Sectors Contralateral eyes (mm) Ipsilateral eyes (mm) Normal**
Superior 104.6  27.4 82.8  31.1z 137.3  23.3*y
Nasal 34.3  8.3 63.0  13.0z 61.6  16.3*
Inferior 120.0  17.2 99.4  22.3 156.2  24.0*y
Temporal 29.8  7.3 49.6  10.8z 61.9  11.3*y
SD ¼ standard deviation.
* p < 0.001: statistically signiﬁcant difference between the normal data and the
contralateral eye group.
y p < 0.005: statistically signiﬁcant difference between the normal data and the
ipsilateral eye group.
z p < 0.05: statistically signiﬁcant difference between the contralateral eye group
and the ipsilateral eye group.
** Normal database (N ¼ 52).11
superior sector means 12 o’clock location.
nasal sector means 3 o’clock in the right eye, 9 o’clock in the left eye.
inferior sector means 6 o’clock location.
temporal sector means 9 o’clock in the right eye, 3 o’clock in the left eye.temporal and superior quadrant in right eye were thinner than that
of left eye. The nasal quadrant of RNFL thickness was decreased in
left eye, as expected in patients with right optic tract syndrome
(Fig. 2).5. Discussion
OTS is diagnosed as contralateral incongruous homonymous
hemianopia, contralateral RAPD, and a characteristic pattern of
optic atrophy in each eye due to retrograde axonal degeneration. In
the eye ipsilateral to the optic tract lesion, damage of the nerve ﬁber
only involves the uncrossed, arcuate temporal bundles, which enter
the disc at the superior and inferior poles. Subsequently, the ipsi-
lateral optic disc shows a temporal pale appearance after an optic
tract lesion. In contralateral eyes, the corresponding damage of
crossed retinal ﬁbers involves the papillomacular ﬁbers and the
nasal radiating ﬁbers, which result in atrophy in the nasal and
temporal horizontal portions of the disc, so-called the band or bow-
tie atrophy.2
Indeed, our results clearly demonstrated that OCT can success-
fully quantitate the RNFL thickness reduction corresponding to the
characteristic ophthalmoscopic ﬁndings of optic atrophy in OTS.
This is the ﬁrst case series report to demonstrate the RNFL thickness
decrease by OCT in eyes with OTS by PubMed searching in the
English literature. In contralateral eyes, the nasal quadrant average
values of RNFL thickness were signiﬁcantly thinner than that of
ipsilateral eye. Consistent with previous case reports, the thinner
RNFL in the nasal quadrant of contralateral eye is indicative of
RNFL loss in nasal radiation and respects the visual ﬁeld defect
of temporal henianopia.7,8 The average of RNFL thickness in
temporal quadrant was also thinner in contralateral eyes than in
ipsilateral eyes but without statistically signiﬁcant difference. With
preserving the superior and inferior arcuate of nerve ﬁber in the
contralateral eyes in OTS, the mean ratio of Smax/Navg, Smax/Tavg
and Imax/Tavg is signiﬁcantly higher in contralateral eyes than in
ipsilateral eyes (p < 0.001). In the ipsilateral eyes, temporal pale of
optic disc for uncrossed, arcuate temporal bundles damage is
characteristic. The superior quadrant of RNFL thickness was thinner
in the ipsilateral eyes than that of the contralateral eyes. Inferior
average of RNFL thickness was also thinner than that in contralat-
eral eyes. However, both of them were not statistically signiﬁcant.
Measuring the RNFL around the disc into 30 degrees’ radians, the
RNFL thickness at nasal, temporal sectors of contralateral eyes and
those at superior, inferior sectors of ipsilateral eyes were signiﬁ-
cantly thinner than those of corresponding areas of fellow eyes.
This observation implies that measurement of RNFL thickness with
30 degrees’ radians has stronger correlations with visual ﬁeld
defect patterns than four-quadrant divisions in patients with OTS.
Surprisingly, our results demonstrated that RNFL thickness in total
Fig. 2. Representative of patients with optic tract syndrome. A 48-year-old woman was diagnosed as right optic tract syndrome caused by brain contusion in a motor vehicle crash.
A. Optic disc ﬁndings showed pale appearance in the inferior to temporal disc in right eye and band atrophy appearance in left disc at 4 months after injury. The axis of cupping was
different between both eyes. B. Simultaneous OCT analysis revealed a reduction of RNFL thickness at superior and inferior segment in right eye as well as a reduction of RNFL
thickness at nasal and temporal segment in left eye. C. Humphrey automatic perimetry showed a left-sided incongruous homonymous hemianopia.
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and temporal sectors in the contralateral eyes of patients with OTS
were decreased as compared with those of normal Taiwanese
database.11 This ﬁnding is consistent with several reports in
patients with OTS and in patients with bilateral band atrophy
caused by chiasmal lesions.7,12,13 It has been suggested that the loss
of RNFL in contralateral eyes occurs predominantly in the nasal and
temporal quadrants, the superior and inferior area of the disc also
lost approximately about 50% of their ﬁbers, as axons originating
from the nasal retina also penetrate in the superior and inferior part
of optic disc.13 Further studies are required to dissect this general
thinning of NRNFL thickness in contralateral eyes of patients
with OTS. In the ipsilateral eyes, as expected, the RNFL thicknessdecreased at superior and inferior sectors but preserving nasal
sector as compared to those of normal. At temporal sector in the
ipsilateral eyes, the RNFL thickness is still signiﬁcant thinner than
that of normal. This observation is explained that papillomacular
bundle ﬁbers entering optic disc at temporal sector contains both
ﬁbers originating from nasal retinas and temporal retinas.
Limitations of our study are small case number and retrospec-
tive observation. The severity of visual ﬁeld defects and variable
durations after injury among individuals with OTS will affect the
value of RNFL thicknessmeasurement. However, OCT is a promising
instrument for the evaluation of the RNFL in patients with OTS.
Using 30 degrees’ division around the disc, the RNFL thickness loss
pattern respects the speciﬁc type of visual ﬁeld defect in each eye.
C.Y. Hsu et al. / Taiwan Journal of Ophthalmology 1 (2011) 16e2020In conclusion, our results demonstrated that OCT can detect
RNFL reduction with site-dependent optic nerve degeneration in
patients with OTS. The useful information is helpful in diagnosing
and management of optic tract syndrome.References
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